Abstract-This paper reports on dielectric properties of ceramic material obtained from Rice Husk (RH) for electronic applications. RH is considered as agriculture waste material, contains 20-25wt% of silica (SiO2). The nanometer-sized silica powder was prepared via mechanical alloying and subsequent molding into pellet form. The compacted pellet samples were sintered at 800°C, 1000°C, 1100°C and 1200 °C respectively. Silver paste was applied on both faces of the pellet to act as electrodes. For analysis of ferroelectric polarization with respect to electric field, measurement was done using ferroelectric hysteresis loop towards the sintered pellets. The dielectric analysis was done using LCR meter. It clearly shows that dielectric constant of the samples decrease with increasing applied frequency. The capacitance is found to be decreasing with increased sintering temperatures. The result showed that WHRA does contain silica which has high dielectric constant and therefore is suitable for electronics application.
I. INTRODUCTION
Rice Husk (RH) has been considered as agriculture waste material in rice producing countries throughout the world. Each year millions of tons of RH were wasted worldwide and usually it is being burnt in open space and cause air pollution. However it was reported that RH contains about 20-25wt% silica (SiO2) [1] . Quartz is the most ordinary form of crystalline silica that can be found in nature. The unburned carbon can be removed from the ashes by heating it at higher temperatures which will transform the ash from amorphous silica into crystalline phase known as cristobalite or tridymite [2] [3] [4] . Several research reported on the formation of tridymite and cristobalite [5, 6] . It is being reported that the transformation of α-quartz can be formed at below 573°C, ß-quartz at 573-870°C, ß-tridymite at 870-1470°C, and ß-cristobalite at 1470-1710°C [7] . At lower temperature, the amorphous state of rice husk ash silica will be formed [8] .
Some works on the formation of silica from rice husk have been done and reported. These reports mostly focused on the process of producing high purity silica from rice husk ash and characterizing the physical properties [9, 10] . Some methods were developed to produce silica at low cost. Besides producing valuable silica powder, these methods may help to reduce pollution problem by converting agriculture waste into useful product (waste-to-wealth). However, the mechanism of thermal decomposition and the electrical properties of the material under non-isothermal condition have received much less attention [8] .
This paper reports on evaluation of Polarization-Electric field (P-E) hysteresis loop and also the dielectric constant of the material which was produced from white rice husk ash (WRHA). The result shows the suitability of the product for electronic applications.
II. EXPERIMENTAL
The Rice Husk (RH) was obtained from the rice field in Tanjung Karang, Malaysia. Initially the RH was washed in distilled water to remove mud and all impurities. Then it was dried in an oven at 100°C for 24 h to remove the water content. Then the dried RH was placed in a crucible and annealed it in electrical furnace for 6 h at 900°C to get a white ash [8] . To get nano-sized RH powder, the ash was drymilled in a high-energy ball milling (HEBM) with a hardened steel vial using a SPEX8000D mill for 20 minutes. The greyish white powder was mixed with PVA and pressed into pellets with the dimension of 13mm diameter and 3mm thick using hydraulic press machine. The pellets were then sintered for 6 hour at selected various temperatures which were 800°C, 1000°C, 1100ºC and 1200°C respectively. Silver paste was applied on both faces of the pellet to act as electrodes. Then the samples were poled in silicon oil under 2 kV/cm electric field for 10 min at room temperature.
Ferroelectric Hysteresis Loop Tracer Precision Premier II (Radiant, USA) was used to measure the ferroelectric polarization as a function of electric field. The result will give a response of the polarization towards a given electric field at a specific frequency.
Capacitance of the material was measured using HP4284A Precision LCR Meter. From the capacitance value, dielectric constant was calculated using equation: ) and ε' = dielectric constant of material.
III. RESULT AND DISCUSSION

A. P-E Hysteresis Loop
A P-E hysteresis loop for a device is a plot of the charge or polarization developed against the field applied to that device at a given frequency [11] . Fig. 1 shows the responses for ideal resistor, ideal capacitor, lossy capacitor and non-linear ferroelectric. For ideal capacitor, the P-E loop will show a straight line where the slope is proportional to the capacitance as shown in Fig. 1(a) since the current leads the voltage by 90 o [11] . As for the ideal resistor, the P-E loop will show almost a circle with the center is at origin as illustrated in Fig. 1(b) whereas Fig. 1(c) shows the curve for combination of capacitor and resistor in parallel. In this project, P-E responses for the sintered RH pellets at different sintering temperatures, 800ºC, 1000ºC, 1100ºC and 1200ºC respectively were examined using Ferroelectric Hysteresis Loop Tracer Precision Premier II. Prior to the test, silver conductive paste was applied on both sides of the pellet so that they act as electrodes to improve the connection while placed in the silicon sample holder for P-E measurement test. Fig. 2 shows the P-E loop responses for all sintered samples carried out at room temperature. Samples sintered at 800ºC (S1) and 1000ºC (S2) behave as an ideal resistor when compare to Fig. 1(b) , since the P-E loop for each temperature is almost a circle with the center is at the origin. However the responses for samples sintered at 1100ºC (S3) and 1200ºC (S4) showed the effect of a lossy capacitor as compared to Fig.  1(c) , where the area within the loop is proportional to the loss tangent of the material, and the slope is proportional to the capacitance [12] . 
B. Dielectric Constant
Capacitance of the material was measured using HP4284A Precision LCR Meter at frequency of 1.0 kHz, 10.0 kHz and 100.0 kHz respectively. The values for dielectric constant ε' were then calculated using (1) and the result is shown in Table 1 . At frequency f=1.0 kHz, RH samples sintered at lower temperatures (800 o C and 1000 o C) have high values of dielectric constant ε' which is more than 500 (585.9 and 509.8 respectively). This means that they exhibit insulator properties therefore being suitable candidate for electronic applications such as for fabricating capacitors. As the frequency increased, the dielectric constant ε' decreased. For f=10 kHz, the dielectric constant decreases from 141.3, 108.8, 38.5 and down to 13.8 whereas for f=100kHz, dielectric constant ε'
decreases significantly from 11.2, 5.2, 3.3 and 1.86 with increasing sintering temperatures. The same pattern was developed for all samples with the increasing frequency at constant temperature. It was reported that the dielectric constant for most commercial insulating materials ranges from 2-10 [13] . At higher frequency (f=100 kHz), the value for dielectric constant ε' decreased to 3.3 for 1100 o C sample and only 1.86 for 1200 o C sample. The decreasing trend shows that they are good candidate for commercial insulating materials. Fig. 3 shows a clear picture of the decreasing trend of RH dielectric constant for all sintering temperatures at different frequencies. The dielectric analysis clearly shows that dielectric constant of the RH samples decreased with increasing applied frequency and sintering temperatures. The result showed that RH samples sintered at 1100 o C and 1200 o C at 100 kHz frequency have an ideal value of dielectric constant ε' for commercial insulating materials which lies in the range of 2 to 10. This proves that RH ash does contain silica with significant value of dielectric constant for electronic applications. The decreasing trend of dielectric constant at increasing frequencies shows that the samples are suitable candidate for fabricating capacitors.
